The Sundarbans Reserved Forest, and its surrounding buffer zone, is one of the most diverse and richest areas of natural resource in Bangladesh. It is a part of the largest mangrove forest in the world, with an area of about 10,000 km², of which 6,000 km² are in Bangladesh and about 4,000 km² are part of India: it has been recognized as an internationally important World Heritage and Ramsar site. The mangroves provide substantial ecosystem services supporting the livelihood of local communities. This paper describes the diverse uses of these natural resources and aims to evaluate the contribution of ecosystem services to the livelihood of residents. The results indicate that residents depend on ecosystem services in two ways. First, local households earn cash income by selling ecosystem products, such as fi sh, honey, and nipa palm, at local markets. Second, the use of natural resources provides substantial subsistence such as food, fresh water, and timber. However, residents' income may be signifi cantly increased by improved resource management, including reducing local authority corruption and improvements in law enforcement. Our paper concludes with a range of recommendations for enhancing residents' standard of living while conserving natural resources.
INTRODUCTION AND BACKGROUND
Protected areas are often considered as cornerstones of conservation policies, providing multiple benefi ts for people and contributing to sustainability from the viewpoint of ecology, social, and economic development [1] [2] [3] [4] . The Convention on Biological Diversity (CBD) acknowledges this sustainability perspective by stressing the need to conserve biodiversity in the context of benefi t sharing [5] .
In-situ conservation of biodiversity in well-managed protected areas may be especially signifi cant in providing ecosystem services to local residents while sustaining the functioning and dynamics of natural systems. Ecosystem services, such as ecosystem products (e.g. food, timber), supply of purifi ed water, water retention, and erosion control, can substantially contribute to the livelihood of the local communities, in particular in low-income countries. The manifold ecosystem services -the supporting, provisioning, regulating, and cultural functions of ecosystems [6] -not only provide livelihoods for local people but also often serve as the basis of human survival: for instance, ecosystem services buffer communities against extreme events, provide vital diversity of crops, or ensure a supply of drinking water [7, 8] .
Conservation of biodiversity in protected areas provides subsistence and livelihood, and therefore contributes to sustainable development and poverty reduction, especially in poor countries [3, 9, 10] . A recent estimate indicates that about 1.1 billion people worldwide may depend on protected areas for substantially providing their livelihood ( [6] ; cf. also the recent overview by Coad et al. [11] ). With respect to mangrove ecosystems, Sathirathai and Barbier [12] have made a strong economic argument that the monetary value of conserving the full range of ecosystem services provided to local households as well as to the national economy, substantially exceeds the benefi ts of commercial developments, such as shrimp farming [13] .
The provision of the full range of ecosystem services is also an important benefi t of the conservation of the Sundarbans Reserved Forest and its surrounding buffer zone as one of the most diverse and richest areas of natural resource in Bangladesh [14] (for the location of Sundarbans, see Fig. 1 ). It is a part of the largest mangrove forest in the world, with an area of about 10,000 km², of which 6,000 km² is in Bangladesh and about 4,000 km² is part of India: it has been recognized as an internationally important World Heritage and Ramsar site. The mangroves provide substantial ecosystem services supporting the livelihood of local communities and are still a functioning ecosystem facing only a few manageable ecological threats [15] [16] [17] . Other studies referring to valuing ecosystem services contributing to livelihood in Bangladesh include, e.g. Mukul et al. [18] ; Sohel et al. [19] . The Sundarbans Forest plays a signifi cant role in the local, regional, and national economy, as well as in the biodiversity conservation of pristine mangrove ecosystems, since restoration of impaired mangroves is only partially successful [20] . Sundarbans provides direct ecosystem products, especially fi sh resources, which are also exported around the globe, and various non-timber forest products. Sundarbans resources are important even to the national economy of Bangladesh. In our study, we focus on ecosystem services important for local livelihood of households. We therefore omit ecosystem services provided by mangroves that may be nationally or globally important e.g. with respect to natural disasters (tsunamis) or global climate change [21] .
The current paper describes the diverse uses of natural resources and aims to evaluate the contribution of ecosystem services to the livelihood of residents. The paper specifi cally aims to:
• assess the dependency of local communities on Sundarbans' natural resources; • describe the socio-economics of the local residents and communities; • explore and evaluate the contribution of ecosystem services to the livelihood of local communities in terms of cash income and subsistence; and
• provide recommendations for improvements to the management of the reserve, especially regarding unsustainable management, unequal distribution of resources, and corruption.
The results indicate that the residents depend on ecosystem services in two ways. First, local households earn cash income by selling ecosystem products such as fi sh, honey, and nipa palm, at local (and national) markets. Second, the use of natural resources provides substantial subsistence such as food, fresh water, and timber.
However, residents' income may be signifi cantly increased by improved resource management, including reducing local authority corruption, and by improvements in law enforcement. Our paper concludes with a range of recommendations for enhancing the standard of living while also conserving natural resources.
The structure of the paper is as follows: Section 2 presents our methodology and provides an overview of the survey of local residents and households of the Sundarbans Forest. Section 3 presents the results of the survey for the different resource users (harvesters). Section 4 then discusses the results and summarizes and concludes with a range of recommendations for improving livelihoods as well as reserve management.
2 OVERVIEW OF THE CASE STUDY AREA AND THE SURVEY OF LOCAL HOUSEHOLDS In order to evaluate the contribution of the Sundarbans Forest to the livelihood of local residents, a comprehensive fi eld study was undertaken from January to March 2011. The fi eld work consisted of a survey using standardized questionnaires, focus group interviews, expert and targeted stakeholder interviews, and secondary data collection, complemented by a review of the relevant literature. Fig. 1 ). The choice of the villages to be surveyed was based on prior knowledge about the villages and availability of data and access; as far as the socio-economics of respondents is concerned, the sample of households is representative for the total population and may also be considered to be representative for villages in and around the reserve. In these villages, 155 households were surveyed across all fi ve villages (total number of households in the fi ve villages: 1,260). Households were selected randomly. In each village, we conducted 31 interviews. The survey used a standardized questionnaire and concentrated on obtaining socio-economic data, such as age of respondent and household members, family size, education, land ownership and available land, amount of ecosystem products harvested and sold on markets, and own consumption of resources. In order to value the cash income earned by selling products on the market, total sales (revenues) were elicited, together with the production cost such as hired labor, interest, fees, and other costs, in order to achieve an estimate of the net income of households.
The representative survey was complemented by focus group interviews in all fi ve villages, with fi ve to ten selected stakeholders per village. Participants included fi shermen, honey collectors, crab catchers, nipa palm collectors, and hired workers. The main focus of the focus group discussions was to investigate the range of forest products used in households, market prices of products, transport and delivery chains, and the seasonality of product availability. As Kaplowitz [22] has shown, focus group and in-depth interviews are an excellent methodological approach for exploring the viewpoints of local households regarding the signifi cance of ecosystem services for their livelihood. Walters et al. [23] stress the importance of local (tacit) knowledge in assessing the specifi cs of an ecosystem that can be elicited by participatory approaches.
Targeted stakeholder and expert interviews basically aimed to explore the linkages between ecosystem services and livelihood, together with options for improving reserve management and the diverse problems of local communities such as natural disasters and problems of corruption, health, and education.
EMPIRICAL RESULTS

Social status and land ownership of local households at the Sundarbans Forest
Households in the Sundarbans Forest are able to pursue four types of occupations: fi shing, catching crabs, collecting honey, and/or harvesting nipa palm. Usually, occupations are divided between households, and the average household engages in only one of these income-generating activities. In the sample of 155 households we surveyed, fi shing was the most prominent occupation of 67% of households, crab catching was the main occupation of 14%, and 9% of households collected honey or harvested nipa palm as their primary source of income. While many households have primary sources of income, there are also households engaging in more than one activity. For instance, many honey collectors also earn income from fi shing. With the exception of a few households, family heads were the only household member engaged in the income-generating activities meaning that, per household, there is a single occupation earning cash income from resource use for an average total household size of 4.8 family members.
More than half of respondents in the household survey had primary education (about 52-58%, depending on the occupation). About 23-30% of household heads did not have any formal education, while secondary education was achieved by about 14-23%. Interestingly, fi shermen have the lowest secondary education rate, while crab catchers and nipa palm collectors have the highest rate of secondary education. Sarkar and Bhattacharya [24] emphasize the importance of increasing education and awareness levels for sustainable management of mangrove forests.
Each household's own land for subsistence was very small and depended on the occupational group. About 32% of households do not own land, while 68% are land owners (see Table 1 ). However, plots of land available for subsistence and housing are very small. On average, each household owned land of about 0.11 hectares (ha); nipa palm collectors owned an average of about 0.18 ha of land, while crab catchers had the smallest amount of land at only 0.06 ha per household. Some households have small-scale forests and ponds on their property for wood fuel and drinking water.
Subsistence and livelihood of local residents 3.2.1 Cash income from non-timber products
Residents need permission from the forest department of the local authority in order to harvest and use natural resources and have to pay a corresponding fee. The forest department regulates the type of resources that can be harvested, e.g. fi sh, crabs, honey, and nipa palm. In forests that are not privately owned by residents, timber extraction or the use of other resources is prohibited. Extraction of resources is regulated by assigning specifi c areas to be used for harvesting, and the quantity of resources used is limited based on monthly and annual quantity thresholds for different user groups. Fishing and crab catching is allowed year-round, while honey and nipa palm can be collected for 3 and 5 months per year, respectively. Of course, it can be questioned to which extent government regulations are effective, i.e. whether households obey rules regarding the maximum amount of harvesting or there is substantial illegal harvesting. Compared with the quantities of harvested resources indicated by respondents in the survey, the authors feel that households would broadly follow harvesting rules. The usual means of harvesting and transport are small boats.
Fishing usually takes place in the channels and rivers in the mangrove forests but is also undertaken offshore in the marine fi shing areas of Sundarbans. Crab catching is also performed both inshore and offshore. Figure 2 presents an overview of resources harvested in the fi ve villages we surveyed in the Sundarbans Forest. Based on averages of all households, the surveyed households each catch about 1.4 metric tons of fi sh and about 1.1 tons of crab every year; fi sh and crab caught for the household's own consumption amount to about 68 and 10 kg per year, respectively. This means that 1-4% of the total harvest is consumed while the rest is sold on local markets or to traders. Honey collectors harvest about 0.7 tons per year, of which they consume about 1%. The quantity of nipa palm harvested amounts to about 27.8 tons per year, of which the collectors consume about 4% of the total harvest. While own consumption of honey and crab is low, fi sh -as an important source of protein -and nipa palm for construction purposes are important direct uses of natural resources for local households. Furthermore, crab consumption is not traditional in some households, while honey is more likely to be sold on the market due to the higher prices it fetches, thus contributing to the cash income of households. Table 2 presents the periods within which the forest department issues permits for harvesting resources. Many households that do not catch fi sh or collect crabs have only a limited time during the year to earn cash income by the harvesting and selling of ecosystem products; for instance, many honey collectors engage in fi shing during the rest of the year in order to increase family income. The overview in Table 2 also includes the average price of ecosystem products harvested by local residents and sold at local markets or to traders.
Assessing the amount and pricing of resources sold on markets, we were able to calculate total revenue per occupation. Table 3 presents our fi ndings on the net income of households. The annual revenues (total sales) of fi shermen and crab collectors amount to approximately EUR 1,400 per year, which is about EUR 200 more than the income of a combination of honey collecting and fi shing and about EUR 300 less than that earned by nipa palm collectors.
However, revenues must cover costs of production as well as taxes and fees, representing the net value of ecosystem services based on the production method (cf. with respect to mangrove ecosystems [25] ). As honey collecting is allowed only during 3 months, the rest of the year is on average used for fi shing.
While the forest department charges only small 'offi cial' fees, illegal payments to water hijackers -especially for fi shermen and crab collectors -and to the forest department staff contribute to a large deduction from revenue, by approximately 10-20%. Operating and maintenance costs account for about 15-30% of revenue; most of these costs are fi nanced through loans, due to a lack of liquidity at the beginning of the harvesting period. Loans are based on a share of revenue (usually 5-10% of revenue) rather than on an interest rate on the outstanding debt. For some occupations, costs also include hired labor. The total net cash income of households surveyed is on average around EUR 550-700 per year, amounting to approximately 40% of total gross revenue while total costs come up to about 60%. In addition to the net income of households engaged in these four occupations, the fi eld survey exhibited that for each household, on average, 1.5 persons earn cash income. Thus, there is additional income from other sources. Households included in the survey indicated that they earned EUR 71 per year as extra income, from other sources than the occupations described above. This means that the average income of all households (calculated for all occupations) is about EUR 670, of which around 10% originates from other sources, while the major share of household cash income (90%) directly relates to the harvesting and use of natural resources (ecosystem products).
While the importance of sustaining ecosystem services was apparent for earning cash income of households at Sundarbans Forest, the calculation of income also revealed the signifi cance of several illegal activities hindering households in increasing their income. Illegal payments to water hijackers and forest department staff are substantial and point to weaknesses in the legal and regulatory framework and the need for strengthening the powers of institutions regulating property rights, such as access and use of natural resources.
Value of own consumption of non-timber products and timber
In addition to the harvesting and selling of non-timber ecosystem products, households are direct consumers of ecosystem services and products. While fi sh and nipa palm are the most important products used directly, households also collect timber (wood for fuel) from the Sundarbans Forest for their own consumption: collecting and harvesting timber for sale are forbidden.
Households each collect about 1,100 kg of wood fuel, primarily used for cooking, per year. In addition, households buy approximately 200 to 300 kg of wood fuel at local markets. Based on the amount of fuel wood collected and sold at local markets, household expenses increase by approximately EUR 50-60 per year. Thus, the value of wood fuel collected as an important ecosystem product for local residents can be estimated using these values. Similar relations between cash income and the value of ecosystem services can also be found in other mangrove forests [26] .
Furthermore, households breed livestock, harvest vegetables and other food, and partially abstract drinking water, on their own land plots. Our survey omitted an assessment of other ecosystem services used by local residents. However, other studies [1] show that the value of directly used ecosystem services may easily be larger than the cash income earned by households. Based on this study, it is safe to assume that the value of household use of ecosystem services and products is at least EUR 500-600, in addition to the cash income earned in the various occupational fi elds.
Determinants of livelihood at Sundarbans Forest
As highlighted above, households face limited income and fully depend on natural resources for their subsistence and livelihood. However, there are numerous threats to income generation, both potential and actual. Figure 3 presents an overview of threats and risks to livelihood and income generation, based on the focus group discussions and expert interviews undertaken as part of our study.
First, a wide range of risks arising from natural dynamics -natural disasters as well as humanwildlife confl icts, while wildlife confl icts may be 'natural' in a protected area such as the Sundarbans Forest, monitoring and several management policies might help to mitigate this problem [27] , and the salinity of water -pose serious threats to livelihood, and quality of life in general. Due to the very specifi c location and nature of the mangrove forests (such as fl ooding, dependence on weather conditions, arbitrary policies pursued by reserve offi cials), local residents and communities are under permanent threat of losing their sources of subsistence and livelihood, especially in terms of availability and usability of natural resources. Some of these problems, however, cannot be addressed by changing the management regime of the forests because their origin, e.g. salinity of ground water, depends on agricultural practices upstream [28] .
Second, there are socio-economic threats due to the lack of education, unemployment, and limited opportunities for other sources of income generation. Third, the economic, political, and institutional (legal) frameworks are weak in terms of property rights as well as in supporting basic security. While property rights appear well defi ned on paper with respect to using resources (with reference to wetlands, see Ref. [29] ), the corruption of government and park offi cials, hijacking, and usury pose serious threats to consistent income generation. Especially in vulnerable ecosystems such as these, strong regulatory and institutional frameworks have proven to be of special importance [17] , the lack of which leads to overuse of resources and poor management. Furthermore, disaster relief appears too slow to help residents after natural catastrophes. Finally, the market and the trading structure, especially regarding the dependency on middlemen for marketing and transporting local products to the markets, are signifi cant problems.
4 DISCUSSION, SUMMARY, AND CONCLUSIONS This paper has highlighted the importance of ecosystem services as the economic basis of households living in the Sundarbans mangrove forests in Bangladesh. While several occupations (fi shing, crab catching, honey collecting, and nipa palm harvesting) provide cash income to local households living in the mangrove forests, it was estimated that their subsistence in terms of small-scale agriculture on their own land, harvesting wood for fuel, and abstracting drinking water, directly depend on the functioning of the ecosystem. As the Sundarbans mangrove forests are protected under several regulatory frameworks, the conservation of the natural dynamics provides the basis for local residents' livelihoods and thus contributes to poverty reduction. This is of particular importance since the predominant share of households' cash income (on average about EUR 600 to 800 per year) depends directly on the harvest and sale of ecosystem products. Only about 10% of household income originates from other sources.
The importance of a strong regulatory and institutional regime, including participatory approaches and implementation of a sound property rights structure, is particularly highlighted with respect to income generation. While it is a commonplace in conservation studies that such a regime is a prerequisite for preventing overexploitation of resources, our study also provided evidence that unlawful practices, such as illegal fees to water hijackers, bribing forest staff department, and usury regarding loan interest, are major threats to raising income of local households.
Sound governance, strong law enforcement, and robust management systems are therefore important for ensuring real benefi ts from Sundarbans resources for residents. The current situation in Sundarbans Forest may be described as a management regime implemented as a protected area authority. Due to the lack of well-defi ned property rights for most of the area, the open access of resources (common-pool resources) and the lack of implementation of basic civil law (crime), solutions such as that proposed by Ostrom [30] , may not be viable in our study area. This is particularly true for households in the Sundarbans Forest area since household livelihoods are extremely vulnerable [31] , with reference to overexploitation of marine and coastal resources). Households are facing a broad range of challenges, such as natural calamities, tiger attacks, water hijackers, pressure from forest staff, and drinking water shortages. Priority governance and management tasks include combating illegal practices and crime (water hijacker, bribes) and support residents in freeing themselves from loan dependency. Regarding the potential overexploitation of natural resources, the survey including the numerous focus group debates indicated that at the moment there seems to be a sustainable use of resources. Threats to mangrove forests thus may rather be attributed to well-known causes such as urban development, aquaculture, and mining [21] , which are not pursued by the local residents.
The following recommendations to improve the livelihoods of local communities, while sustaining the functioning of the mangrove ecosystem, may therefore be drawn from our study:
• Priority should be given to robust law enforcement to protect waterways and to combat corruption and crime (good governance).
• Loan dependence should be reduced. If illegal payments could be eliminated, households would gain enough free cash resources to fi nance operating and maintenance costs of their occupations.
• Local communities should be encouraged to cooperate in the marketing of their products in order to reduce dependence on traders and 'middlemen'.
• NGOs might have a particular role in supporting local communities in fi nding new sources of income generation.
• Empowerment of women and supporting their potential role in contributing to family income generation, e.g. establishment of small trade and handicrafts, might further increase income security.
• A potential opportunity lies in developing sustainable tourism alternatives based on community involvement, in close cooperation with park authorities.
• Education initiatives may additionally increase the scope for a more effi cient use of resources.
• Disaster prevention and management should be substantially improved to provide adequate warning of natural calamities (e.g. cyclones, fl oods).
• Support in securing an adequate supply of drinking water, and waste water management, would help local communities.
• Energy sources (e.g. biogas) should be developed as an alternative to using wood harvested for fuel from the ecosystem.
• Local communities should be involved in developing and implementing an effective management regime.
In conclusion, we envision a broad range of potential policies will help secure the livelihood of residents of Sundarbans mangrove forests, as well as sustain the functioning of the whole ecosystem, which has an extremely important function, not only in terms of poverty reduction but also on a national and global scale by conserving a rich biodiversity.
